Neutrino physics is an experimentally driven field. So, we investigate the different detection techniques available in the literature and study the various neutrino oscillation experiments in a chronological manner. Our primary focus is on the construction and detection mechanisms of each experiment. Today, we know a lot about this mysterious ghostly particle by performing different experiments at different times with different neutrino sources viz. solar, atmospheric, reactor, accelerators and high energy astrophysical; and they have contributed in the determination of neutrino parameters. Yet the problems are far from over. We need to determine more precise values of the already known parameters and unravel the completely unknown parameters. Some of the unknowns are absolute masses of neutrino, types of neutrino, mass hierarchy, octant degeneracy and existence of leptonic CP Phase(s). We analyse the neutrino experiments into the past, present and the future (or proposed). We include SNO, Kamiokande, K2K, MINOS, Chooz and NEMO in the past; while Borexino, Double Chooz, Super-K, T2K, IceCube, KamLAND, MINOS+, NOνA, RENO and Daya Bay in the present; and SNO+, Hyper-K, JUNO, RENO-50, INO, DUNE and SuperNEMO in the proposed experiments. We also discuss the necessities of upgrading the present ones to those of the proposed ones thereby summarizing the potentials of the future experiments. We conclude this paper with the current status of the neutrinos.
I. INTRODUCTION
Wolfgang pauli, after postulating the existence of the neutrino -a particle with no net charge and no mass, remarked during a visit to California Institute of Technology [1] :
I have done a terrible thing: I have postulated a particle that cannot be detected.
The excitement increased as a result of first-ever direct observation of electron antineutrino(ν e ) by Clyde L. Cowan et al. [2] in 1956 from the Savannah river reactor plant in South Carolina. The discovery validated Wolfgang Pauli's [3] idea of this new particle assumed in 1930 as a desperate remedy to the discrepancy in the beta decay spectrum. Thereafter, the physics community in various corners of the world started conducting underground experiments and a few experiments have been upgraded from time to time to understand this elusive particle. The other two active neutrinos viz. muon neutrino(ν µ ) and tau neutrino(ν τ ) were directly observed in 1962 and 2000 [4, 5] . Since then, the development in this field has been exponential. Now, we even know that neutrino carries a very tiny but significant amount of mass. The experiments detect the neutrinos(See fig.1 ) from natural sources (solar, atmospheric and astrophysical ) and man-made sources (reactor and accelerator-based ) based on certain detection techniques like radiochemical methods, Cerenkov detector (water, ice), scintillation detectors (solid, liquid ), tracking calorimeter, nuclear emulsions, liquid argon etc.
The three known neutrino flavour states (ν e , ν µ , ν τ ) are expressed as quantum superpositions of three massive states ν k (k = 1, 2, 3) with different masses m k with a 3×3 unitary mixing matrix U αk (α = e, µ, τ ), known as PMNS(Pontecorvo-Maki-Nakagawa-Sakata) matrix U P M N S [6, 7] , given by
The U P M N S matrix can be decomposed as: and characterized by three non-zero angles θ kl and a charge-parity violating phase δ CP . The matrix M has a value of det M = 1 for the Dirac neutrinos and M = diag (1, e iα2 , e iα3 ) for Majorana neutrinos [7] . The mixing angles θ kl are associated with solar, atmospheric and reactor neutrinos given by θ 12 , θ 23 and θ 13 respectively, the mass-squared differences i.e. the mass splitting terms being ∆m [8] .
The measurements and development in the precision of these parameters can guide the physicists in understanding a few properties of neutrino which include mass ordering of the three neutrino flavours ν e , ν µ and ν τ associated with the three leptons e − , µ − and τ − respectively, and CP violating phase δ CP which can probe the dominance of matter over anti-matter in the universe.
The outline of the paper are as follows: Section 2 describes the detection mechanisms of neutrino in a brief and concise manner followed by the names of the experiments which exploit these techniques. The paper emphasizes on different neutrino experiments in a chronological pattern : past, present and future in Section 3. The section also explains the construction & detection mechanisms and results & scopes of the particular experiments included in this paper. In Section 4, we give a picture of the current status on neutrino mentioning about the measured and less known parameters those are dealt by these experiments. We also study the limits on absolute neutrino masses. Section 5 contains the summary of the overall descriptions of the paper. 
In this process, when a neutrino is absorbed in the target of the detection medium, the target is converted into a radioactive element whose decay is further studied and counted. The technique was exploited by the famous Homestake experiment [10, 11] , GALLEX [12] , GNO and SAGE [13] The advantage of Gallium target of GALLEX/GNO/SAGE over chlorine target of Home-
FIG. 2. Solar Standard model (SSM)
. The figure shows the energy spectra of neutrino fluxes from the pp and CNO chains. For continuous sources, the differential flux is in cm −2 s −1 M eV −1 . For the lines, the flux is in cm −2 s −1 [14] stake is that with lower threshold i.e. Q-value, it is possible to detect neutrinos from the initial proton fusion chain(See fig.2 ).
B.Cerenkov detector
TheCerenkov detection technique [15] has been employed in order to investigate neutrinos for a large range of low to high energies. When a charged particle traverses in a medium of refractive index n, polarisation of atoms in the medium take place resulting in dipole radiation. [16] FIG. 3.Cerenkov radiation [16] a.
If such a particle moves slowly through the medium i.e. v < c n , the radiation from the excited dipoles is emitted symmetrically around the path and sum of all dipoles vanishes [17] .
b.
If the particle moves with a velocity greater than the local phase velocity of light i.e. v > c n , the dipole distribution is asymmetric. As a result, the sum of all dipoles is non-zero and results in radiation of electromagnetic waves. The resulting light wavefront from the radiation is conical with an opening angle θ such that-
v being the velocity of the particle and c, the speed of light. From equation (5), we learn that there is a threshold value of β below which no radiation is emitted coherently w.r.t. to the particle position. For a high speed particle i.e. β ≡ 1, there is maximum angle of emission, theCerenkov angle [17] with
By detecting theCerenkov light, in form of a cone, in a large detector with an array of PMTs, the light cone is mapped into a characteristic ring (See fig. 4 ). The ring with clean and sharp outer edge is a muon-ring whereas the fuzzy ring produced by scattering of electrons corresponds to electron neutrino. The identification of ν τ is more difficult due to the short lifetime of the lepton. However, Super-K detected events of ν τ using the fact that the τ -lepton decays often produce fast pions in the detector [18] . From the ring, the properties of the incoming particle can be understood precisely. The axis of the cone determines the direction of the particle, and the color of the light gives the particle energy. The events in the fig. 4 (a) and fig. 4(b) , recorded in 1998, were reconstructed as a muon with momentum of 603 MeV and as an electron with momentum of 492 MeV, respectively. There are certain organic and inorganic materials which emit light flashes when charged particle, x-rays or gamma rays pass through them. These materials are called scintillators. The organic materials are in the form of plastic or liquid and some aromatic polycyclic hydrocarbons, containing one or more benzene ring(s) C 6 H 6 . The second kind is the family of alkali halide crystals [15, 28] If a charged particle, a gamma ray or an x-ray is incident on the scintillator, it interacts with matter in three ways: In each of these effects, electrons of different energy ranges are produced by successive interactions and the kinetic energy of the secondary electrons obtained ionizes the scintillator. The excited states of the scintillator material de-excite to lower states by emission of light flashes. This emitted light is scintillation. The scintillator is optically coupled to a PMT (Fig. 5 ) . A certain amount of emitted light falls on the photocathode of the PMT producing photoelectrons. The photoelectrons are then accelerated by the electric field to the first dynode producing a bunch of secondary electrons. The electrons are again accelerated to the next dynodes until the electrons reach the anode with a gain of 10 7 − 10 8 . Thus, the initial ionizing radiation gives a burst of electrons at the anode where an electrical pulse is taken out for further analysis. The scintillator detectors are most ideal for reactor neutrinos with energy range between 3 MeV and 8 MeV. Some of the experiments like Borexino, CLEAN, Daya Bay, Chooz, Double Chooz, KamLAND, LENS, MINERνA, MINOS, MINOS+, MOON, NOνA, RENO SciBooNE, SNO+, SoLiD, STEREO, JUNO, Braidwood, KASKA, Angra have the scintillation technique undertaken for study of neutrinos. The detector specifications of the above experiments will be found in the Ref. [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] We shall discuss the detection technique of Iron Calorimeter (ICAL) with respect to India-based Neutrino Observatory (INO) for understanding the mechanism for detecting neutrinos. ICAL detectors generally detect muon neutrinos (ν µ ) only, the INO-ICAL being sensitive to atmospheric ν µ in the 1-15 GeV range. ICAL consists of a number of alternating layers of iron plates of definite thickness and Resistive Plate Chambers (RPCs). The proposed ICAL@INO will have 5.6 cm thick iron plates and RPCs of area 1.84m×1.84m weighing a total mass of 50ktons. The 29,000 RPCs will be used as active medium for detection. [47] The ICAL will be sensitive to the energy and directions of the muons produced in CC interaction of the atmospheric ν µ (ν µ ) with the iron target in the detector. The ICAL@INO detector is expected to be magnetized to about 1.5T in the plane of the iron plates using copper coils. This will able to discriminate between muons of different charges and hence, it will be capable of differentiating events induced by ν µ andν µ . [47] Apart from INO, the MINOS experiment also used iron calorimeters to detect neutrinos. Some other experiments which take the advantage of this technique include NEMO-3 and SuperNEMO.
E. Liquid Argon (LAr) detector
The Liquid Argon (LAr) detectors have good calorimetry and excellent particle identification capacity. LAr is used as the detecting medium and the reaction engaged in these detectors is:
The principle is simple. The charged particles will ionise the liquid argon and the ionised electrons can be drifted by an applied electric field. The electrons are then accumulated on wire planes which offer a 3D view of the interaction. The LAr detectors have very high neutrino detection efficiencies and excellent background rejection power. Experiments like ICARUS and MicroBooNE use this technique for neutrino detection. The next generation experiments which is proposed to use LAr are DUNE [48] and LBNO [49] .
III. NEUTRINO EXPERIMENTS: A CHRONOLOGICAL ORDER
A. Past experiments
Sudbury Neutrino Observatory(SNO)
The SNO underground detector [15] consists of 1000 tonnes of ultrapure heavy water (99.917% 2 H by mass) contained in a 12m diameter, 5.6cm thick transparent acrylic vessel.
The detection medium is studied by 9438 sensitive photomultiplier tubes (PMTs) on an 18m diameter support structure. The aim of the experiment is to detect neutrinos through their interactions with the large tank of heavy water.
The reactions [50] involved in detection of neutrinos area. Charged-Current (CC)
The first (CC) reaction is sensitive to electron neutrinos only and produces an electron that creates a cone of light in the detector via theCerenkov process, observable with an array of PMTs. The second (NC) is equally sensitive to all flavours of neutrino. The third reaction is mostly sensitive to electron neutrino by a factor of 6 compared to the other two flavours. It produces an energetic electron that is peaked in the forward direction relative to the incident neutrino and so, can be distinguished from the other two reactions w.r.t. the direction from the sun [51] . SNO is able to limit the lifetime of nucleon decay of invisible modes (such as n → 3ν) to > 2 × 10 29 years. SNO data for solar neutrinos shows that ν e from 8 B decay in the solar core change their flavour in their way to earth [22] . This result led to the Nobel prize by Dr. Arthur B. McDonald in 2015 on neutrino oscillation alongside Dr. Takaki Kajita of Super-K collaboration.
Kamioka Neutron Decay Experiment (Kamiokande)
The Kamiokande experiment was constructed with the aim to search for the proton decay, A total of 980 inward looking PMTs are used to study the inner volume of 2.14 kton to detect theCerenkov light produced by the particle traversing the water [52] . The Kamiokande operated in the two different phases. The second phase was installed in 1985 after correcting the radon contamination. Kamiokande-II observed 11 events of thermal neutrinos in February 1987 produced by the supernova 1987A that took place about 1.6 × 10 5 light years (ly) away in the large Magellanic Cloud [53] . This event gave rise to a new branch in modern physics known as Neutrino Cosmology. The first ever detection of astrophyical neutrinos provided Masatoshi Koshiba with the Nobel prize in 2002 alogwith Raymond Davis Jr. and Riccardo Giacconi.
KEK to Kamioka (K2K)
K2K is the first accelerator-based baseline neutrino experiment where a neutrino beam produced at KEK, the Japanese High Energy accelerator Lab in Tsukuba, Japan is directed to the Super-Kamiokande detector, the successor of Kamiokande located in the Kamioka mine, 250km apart from the accelerator. The purpose of the experiment is to study the neutrino oscillation through interaction with
mater. Neutrino oscillation was first studied using natural atmospheric neutrinos. In 2004, K2K experiment confirmed that neutrino oscillation also occur in neutrino beam. They observed the osillation of ν µ to ν τ .
Main Injector Neutrino Oscillation Search (MINOS)
The aim of MINOS is the precision measurement of oscillation parameters, primarily, the atmospheric mass splitting parameter |∆m 2 32 |, the corresponding mixing angle θ 23 and also the reactor mixing angle θ 13 . It also aims at precise measurements of the corresponding anti-neutrino parameters.
The MINOS experiment [36] used protons from the FermiLab Main Injector (NuMI) to
produce intense beam of neutrinos of 350kW. The beam is studied in the near dtector at FermiLab, Illinois and a far detector at Soudan, Minnesota located 735 km apart. The MINOS detectors are sampling calorimeters with iron absorbers and plastic scintillation strips. A magnetic field of 1.4T is used to energize the iron. The total masses of the far detector and the near detector are 5.4ktons and 0.98kton respectively. The near detector is 1.04 km from the NuMI target. It measures the enrgy spectra of the neutrinos before oscillation. The muon neutrinos (anti-neutrinos) interact through the charged-current (CC) process-
The flavour independent reaction is the Neutral-Current (NC) interaction given by-
And, the electron neutrino undergo Electron-scattering interaction through-
The electron gives rise to an electromagnetic shower, which produces a much denser and compact shower of energy deposits.
Chooz
The Chooz is a long-baseline reactor neutrino oscillation experiment named after the nuclear power station operated byÉlectricité de France (EdF) near the village of Chooz in
France. The detector is located in an undergorund laboratory at a distance of 1 km from the two pressurised water reactors and with rock overburden of 300 m.w.e. The depth reduces the external cosmic ray muon flux by a factor of ∼300 to 0.4m
The neutrino sources i.e. reactors produces a total thermal output of 8.5GW th , 4.25GW th from each of the reactors. The detector is in a welded cyllindrical steel vessel 5.5m in diameter and 5.5m deep. The inside walls of the vessel are painted with high reflectivity white paint and the vessel is placed in a pit of 7m diameter and 7m depth. the steek vessel is further surrounded by 75 cm of low radioactivity sand and covered by 14cm of cast iron to protect the detector from the natural radioactivity of the rocks. The anti-electrino neutrino flux emitted by the Chooz reactors depends on the instantaneous fission rate derived from the thermal power of the reactors and also on anti-electron neutrino yield from the four main isotopes-235 U , 238 U , 239 P u and 241 P u The anti electron neutrinos that hit the detector are studied dia the Inverse Beta decay (IBD) reaction given bȳ
The target material used in the detector is a hydrogen-rich i.e. free protons paraffinic liquid scintillator loaded with 0.09% Gadolinium and is contained in an acrylic vessel immersed in alow energy calorimeter made od unloaded liquid scintillator. Gd is selected due to its large neutron capture cross-section and high γ-ray release after neutron capture of ∼8MeV. The detector is composed of three concentric regions [54, 55] a. a central 5-ton target in a tranparent plexiglass container with 0.09% Gd loaded scintillator.
b. an intermediate 17-ton region with a thichkness of 70 cm equipped with 192 8" PMTs to contain the γ-rays from neutron capture.
c. an outer 90-ton optically separated active cosmic ray muon veto shield of thickness 80cm equipped with two rings of 24 8"PMTs.
For a data taking period of April '97-July '98, a total of ∼2500 events gave a neutrino detection rate of 2.5d −1 GW −1 , the neutrino detection rate to background ratio is 10:1 [56] . The ratio of the measured to the calculate (for no-oscillation case) neutrino detection rates is found to be Rmeas R calc = 1.01 ± 2.8%(stat) + 2.7%(syst). The Chooz experiment doesn't observē ν e oscillation in the mass region ∆m 2 atm where muon neutrinos oscillate intensively [57] .
Neutrino Ettore Majorana Observatory (NEMO-3)
NEMO-3 [58] is a tracking calorimeter hosting several double-beta decaying isotopes in thin source foils in a cylindrical shape aimed at Majorana nature of neutrino. The experiment is devoted purely to the study of double beta-decay(ββ) processes. It is located under a rock burden of of 4800 metre water equivalent (m.w.e). The decay isotopes ued are 6. witha half-life sensitivity of 10 25 years [59] . The detector is capable of identifying positrons, alphas and gammas. Electrons from the decayinf isotopes pass through 50cm wide wire chambers on each of the source foils containing in total 6180 geiger cells operating in a gas mixture comprising He with 4% ethanol quencher, 1% argon and 0.15% water vapour. Surrounding the tracker, there is a calorimeter of 1940 plastic scintillators coupled to low radioactivity PMTs. The equations involved in the detection mechanism are:
− NEMO-3 experiment has made the most precise measurements of the neutrino double beta decay (2νββ) half life for all the seven isotopes [60] . However, after 34.7kg-years exposure, no evidence for the 0νββ is observed. After considering the statistical and syystematic uncertainities, the result [61, 62] can give a limit to the half-life for the light majorana neutrino mechanism of
The NEMO-3 experiment also investigated the 48 Ca isotope in the 2νββ mode. With an exposure for 5.25 years, the half-life for the standard model 2νββ mode is measured as and is consistent with previous experimental measurement and has significantly smaller uncertainities. No signal has been found and the lower limit on half-life [59] has been set as
B. Present experiments

BORon EXperiment(Borexino)
Borexino [15] is a scintillator detector which employs the active detection medium with a mixture of pseudocumene (PC, 1,2,4-trimethylbenzene) and a fluorescent dye 2,5-
Scintillator diphenyloxazole also known as PPO at a concentration of 1.5g/l. Borexino is based on the principle of graded shielding in order to keep the radioactivity at a very low level [63] . The experiment was established with the aim to study the entire spectrum of solar neutrinos from low energies. The mass of the scintillator is 278 tons and is contained in a 125µm thick nylon inner vessel(IV) with a radius of 4.25m. A second nylon outer vessel(OV) with radius 5.50m surrounds the IV and acts as a barrier against 222 Rd(Radon) and other background contaminations ( 39 Ar, 85 Kr) from outside. Surrounding them, there is a stainless steel sphere(SSS) covered by 2100 m 3 of water tank and supported by 2212 PMTs. The choice of liquid scintillation is due to the high-light yield of the scintillator which differs by a factor of 50 w.r.t. that of Cerenkov techniques [64] . The neutrino signals observed in the Borexino detector are due to the electrons recoiled in the elastic scattering given by-
Hence, the neutrino energy spectrum is the energy spectrum of the electron recoiled from the elastic scattering.
FIG. 6. Production of neutrinos from the fusion reactions in the sun. The total solar flux at the Earth is 6.5 × 10 10 neutrinos per cm 2 and per second. The pp chain corresponds > 91%; while the 7 Be, pep, and 8 B chains correspond to about 7%, 0.2%, and 0.008% of the total flux, respectively. [65] The data has been taking place since May 2007 and in its first year of operation, solar neutrino rates from 7 Be [66] , 8 B with a threshold of 2.8MeV and pep flux [67] gave the unambiguous signature of the occurrance of solar neutrino detection. Evidences of a null day/night asymmetry in the 7 Be region [68] and of the solar neutrino flux seasonal variation have been reached. Recently, Borexino made the first real time spectroscopic measurement of the fundamental pp flux [69] . There has also been evidences about geo-neutrinos obtained at the level of 5.9σ C.L. [70] Borexino is still under operation and aims to study neutrino flux from the CNO cycle and upgrade the precision of the solar neutrino rates already measured.
Double Chooz
The Chooz experiment measured theν e rate with a 2.8% statistical error and a 2.7% systematic error. Hence, the Chooz is upgraded to Double Chooz(under operation since 2011 ) to improve Chooz sensitivity by a factor 5 at least to measure sin 2 (2θ 13 ), the reactor mixing angle [71] . The Double Chooz experiment will employ two almost identical detectors of medium size, each containing 10.3m
3 of liquid scintillator target of 0.1% Gd. The detector site of the Chooz experiment which is at about 1 km from the two pressurized water detector will act as the Far Detector (FD). In order to deduct the systematic uncertainities of theν e flux and spectrum originating from the reactors, a second detector; called the Near Detector (ND) is installed close to the nuclear plants at a distance of 409m. The anti-neutrino from the reactors collides with a proton in the liquid scintillator and performs via the IBD reaction-ν
The Double Chooz, during 460.67 live days of data taking and use of 17351ν e candidates [72] ; the improved θ 13 oscillation parameter after the first indication of non-zero value, now, is found to be sin 2 (2θ 13 ) = 0.090
−0.023 [73] . The result, though limited by reactor flux uncertainity, is expected to improve with the inclusion of data from the second i.e. the Dooble Chooz Near detector(ND).
Super Kamiokande(Super-K)
The Super-Kamiokande experiment is the upgradation of the previous Kamiokande experiment aimed at confirming neutrino oscillation phenomena observed with atmospheric Another neutrino baseline was set up after K2K with its detector at Super-K and the accelerator at Tokai, Japan. The accelerator facility is Japan Proton Accerator Re-
The aim of the experiment is to study neutrino oscillation search among other flavours after successful study of oscillation of muon-neutrino(ν µ ) to electron-neutrino(ν e ) by K2K collaboration. The J-PARC facility produces an artificial beam of ν µ from a proton beam. The detector and the accelerator is separated by 295km. The J-PARC accelerator facility consists of three accelerator-one linear(LINAC) and two circular accelerators called the Rapid Cycling Synchotron (RCS) and the Main Ring [77] . In these accelerators, the protons are accelerated to 99.98% of speed of light and are bent towards Kamioka using super-conducting magnets.
In July 2013, in a press conference by the T2K group confirmed the oscillation of muonneutrino to electron neutrino (ν µ ↔ ν e ). Since 2014, the T2K has been dealing with the anti-neutrino beams instead of the original neutrino beams. In July 2015, T2K completed its first run of anti-neutrino mode collecting 10% of the anti-neutrino data set and has observed threeν e candidate events in aν µ beam.
IceCube
The IceCube experiment [23, 78] aims at studying atmospheric neutrinos, neutrinos of high energy astrophysical sources like Active Galactic Nuclei (AGN), Gamma Ray Bursts (GRB), etc. IceCube is a 1km 3 neutrino telescope and covers a wide range of neutrino energy from 100 GeV to 10 9 GeV. The detector has 86 strings upto the depth of 2450m below the surface. Between 1450m and 2450m, there are 60 optical sensors mounted on each string, excluding the 8 Deep Core strings on which the sensors more densely fit 1760m and 2450m. There are 160 Icetop tanks on the surface of the ice directly above the strings in which 324 optical sensors are deployed. Every sensor has a 25cm PMT connected to a waveform recording data acquisition circuit capable of recording pulses with precision upto ns. The updated atmospheric data which uses neutrinos with reconstructed energies from 5.6 − 56GeV [79] provides a best fits of paramaters as KamLAND searches for oscillation of anti-neutrinos emitted from distant power reactors. It also aims at studying geoneutrinos i.e.ν e from the Earth's interior. KamLAND replaces 
MINOS+
The MINOS experiment [80, 81] after its operation till 2012 was transitioned to MINOS+ with an extension of 3 years, starting data acquisition from September 2013. The MINOS+ experiment operates with the same detectors and upgraded electronics. Protons with an energy of 120GeV extracted from the Main Injector NuMI are hit on the graphite target. The hadrons viz. pions and kaons, produced are focussed by two magnetic horns and directed into the decay pipe. The focussed hadrons decay along its path in the 675m long decay pipe and a neutrino beam is produced. The following processes [82] take place:
Secondary decay may take place resulting in ν e , given by
The neutrino interactions in the MINOS+ detector is similar to that of MINOS detector.
NuMI Off-Axis νe Appearance(NOνA)
The NOνA is the upgradation of the MINOS experiment where the power of the Fer-
Type νµ, νe,νµ,νe (d) Detector Scintillator, Calorimeter miLab accelerator is increased to 700W. The experiment aims at measuring the transition probabilities P (ν µ → ν e ) and P (ν µ → ν µ ), thereby determining the atmospheric oscillation parameters ∆m For ν e appearance, inverted Hierarchy at δ CP = π 2 is disfavored at greater than 3σ. Further study includes approaching towards 2σ rejection. The reactor mixing angle is also obtained as sin 2 θ 13 = 0.082. The experiment is performed with excellent detector ad beam performance.
Reactor Experiment for Neutrino Oscillation (RENO)
The RENO experiment was set-up to measure the reactor neutrino mixing angle θ 13 . The
Scintillator experiment usedν e from the six reactors at the Yonggwang nuclear power plant located in the west coast of South Korea, about 400km from Seoul, producing a total thermal output of 16.4GWhr [83] . Two identical detectors-a near and a far detector, each having 16 tons of Gadolinium (Gd) loaded liquid scintillator (LS), are located at 294m and 1383m respectively from the centre of the reactor array in the opposite direction to each other. The objective of placing two identical detectors is to minimize the systematic uncertainities arising due to the uncertainities in the number ofν e from the sources [84] .
Each RENO detector has a cylindrical shape of 8.8m in height and 8.4m in diameter; consists of a main Inner Detector(ID) and Outer veto Detector(OD). The ID is in a cylindrical stainless vessel of 5.4m diameter and 5.8m in height which houses two nested cylindrical acrylic vessels [85] . In 500 days of data taken between August 2011 and January 2013, RENO observes a clear deficit of reactorν e in the far detector. The parameter [86] sin 2 2θ 13 = 0.087 ± 0.009(stat) ± 0.007(sys)
Daya Bay Reactor Neutrino Experiment
The Daya Bay [87, 88] nuclear power complex is located on the southern coast of China and 55km to the north-east of Hongkong. The experiment aims at determining the reactor SNO+ [90] [91] [92] will reuse the SNO detector holding the Tellurium-loaded liquid scintillator in a 12m diameter acrylic vessel. Near the target, the scintillator consists of linear alkyl benzene (LAB) and 2g/L of the flour 2-5 diphenyloxazole(PPO). LAB has good optical transparency, low scattering and fast decay time. The light emitted by charged particles passing through the scintilator is detected by ∼9,500 PMTs that view the acrylic vessel. The energy and the position of each element are reconstructed from the PMT signal. Also, new scintillator purification systems have been designed to reach the required U and T h contamination levels. The physics goals of SNO+ are the searches for the 0νββ of 130 T e. the discovery of such a rare process will confirm the Majorana nature of this elusive particle and play a key ingredient in the theory of leptogenesis. The depth of SNOLAB also exposes to measure low energy solar neutrinos in the pep and CNO regions. The precise measurement of the pep flux can probe the MSW (Mikheyev, Smirnov and Wolfenstein) effect of neutrino mixing and the solar metallicity. The large volume and the high radiopurity of the SNO+ experiment can probe the understanding of heat production mechanism in the Earth by observation of geoneutrinos. The study of reactor neutrino from the Bruce, Pickering and Darlington nuclear generating stations will improve the neutrino oscillation parameters. The experiment also aims at studying neutrinos from supernovae explosions and the low background allows search for invisible nucleon decay and axion-like particle search (exotic physics). [93] The data taking of SNO+ will be divided into three phases [40] a. Water phase: The acrylic vessel is fitted with 905 tonnes of pure water and is aimed at search for exotic physics and supernovae explosions.
b. Scintillator phase without 130 T e: The detector will be filled with about 780t of LAB-PPO liquid scintillator and the goals cover measurement of neutrinos from pep and CNO regions in SSM, study of geo and reactor anti-neutrino via IBD process.
c. Scintillator with 130 T e loaded: This will be the longest phase and expected to last for 5 years for search of 0νββ-decay of 1 30T e specifically.
Hyper Kamiokande(Hyper-K)
Hyper Kamiokande [94] is a proposed next generation waterCerenkov detector that is going to success the present Super-K experiment. It will serve as the detector of the long Hyper-K consists of two cylindrical tanks lying side-by-side, the outer dimensions of each tank being 48m(W ) × 54m(H) × 250m(L). The total fiducial mass of the detector is 0.99 million metric tons which is about 20-25 times larger than that of Super-K. Hyper-K is propsed to be constructed at about 8km south of Super-K and 295km away from J-PARC at an underground depth of 1750 m.w.e.(648m) the inner detector design will be viewed by 99,000 20 PMTs [95] . The scope of study in Hyper-K covers high precision measurements of solar neutrinos having sensitivity to hep solar neutrinos, observation of supernova burst neutrinos, dark matter searches and possible flare neutrinos, ν-MH i.e. to select ∆m 2 32 > 0 or ∆m 2 32 < 0 with more than 3σ significance provided sin 2 23 < 0.4. The day-night asymmetry of the solar neutrino flux-concrete evidence of the matter effects on oscillation could be discovered [96] . The experiment has potential for precision measurements of neutrino oscillation parameters and reach for CPV in the leptonic sector. The prospects of geoneutrinos are also mentioned.
FIG. 8. A rough sketch of the experiments in Japan
Tokai to Hyper-Kamiokande (T2HK)
The T2K collaboration with its far detector at Super-K was successful in observing neu-
trino oscillation via ν µ to ν e appearance with significance over 7σ. Another experiment T2HK has been proposed as the successor to T2K with the objectives [97] of discovering CP asymmetry, determination of Mass hierarchy(NH or IH), octant of θ 23 from atmospheric neutrino data with > 3σ C.L. at sin 2 θ 23 > 0.4 & sin 2 θ 23 < 0.46 or sin 2 θ 23 > 0.56, and searches for nucleon decay via p −→ e + π 0 and p −→νK + . T2HK is a proposed next-generation long baseline(LBL) accelerator neutrino oscillation experiment [98] where the protons beams of energy 30 GeV will be produced at J-PARC, Tokai and will be sent to the waterCerenkov detector Hyper-K in the Tochibora Mine. It has the same off-axis angle 2.5 0 and the baseline length as of Super-K. The beam power of the J-PARC is expected to be upgraded to 1.3 MW and the time period of operation of the experiment will be 10 years with 2.5 years in neutrino mode and 7.5 years in anti-neutrino mode. The differences in the oscillation behaviour between neutrinos and anti-neutrinos can give an estimate of CP violation. There is also a plan for T2HKK [99] which includes one detector at Hyper-K at a distance of 295 km from J-PARC as discussed earlier and the second detector in Korea at a distance of ∼ 1100km from the accelerator with off-axis angles varying from 1 0 to 2.5 0 .
Jiangmen Underground Neutrino Observatory(JUNO)
JUNO [43, 100] is a multi-purpose neutrino oscillation experiment with the objective to
determine mass hierarchy by precisely measuring the energy spectrum of reactorν e from the reactors, observe supernova neutrinos, study the atmospheric, solar and geo-neutrinos.
It also aims at improving the precision of ∆m to better than 1% as compared to that of ∼4% by its predecessor Daya Bay. The principle of neutrino detection to be used is the Inverse Beta Decay process given by-
The detector is about 53 km from Yangjiang and Taishan nuclear power plants, producing a total thermal power of 36GW. It is a 20ktons liquid scintillator with ∼15,000 20 high detection efficiency PMTs(at 1MeV). It is planned to locate at a depth of 700m through a tunnel to suppress muon induced background. Also, a 270 m high granite mountain will shield the cosmic muons. JUNO includes an underground experiment hall, a water pool, a central detector and muon tracking detector. The water pool will protect the central detector from natural activity and also serves as a waterCerenkov detector with ∼1500 20 PMTs to track cosmic muons [101] .
RENO-50
RENO-50 [102, 103] , the successor of RENO, ia a proposed underground detector which will consist of 18 ktons of ultra-low radioactivity liquid scintillator and 15,000 high quantum efficiency 20 PMTs located beneath Mt. Guemseong at a depth of 450m, 47km away from Hanbit/Yonggkang nuclear power plant in South Korea. The detector is expected to detect neutrinos from the nuclear reactors, the Sun and any possible stellar events. The detector also aims in analyzing ∼5600 events of a neutrino bursts from a supernova in the galaxy, ∼1000 geoneutrino events for 6 years and ∼200 events of ν µ from J-PARC neutrino beam every year. The expected year of operation of RENO-50 is 2021. The proposed site has the maximum neutrino oscillation due to solar mixing angle θ 12 . The goals include determination of neutrino mass ordering and measurement of θ 12 and ∆m 2 21 with unprecedented accuracy at < 0.5%.
India-based Neutrino Observatory (INO)
India-based Neutrino Observatory [47, 104] is a proposed multi-institutional mega science project to be set up under the Bodi West Hills near Pottipuram village in the Theni District of Tamil Nadu. It is surrounded by a rock cover of at least 1 km on all sides. It will restrict the cosmic muons, which serve as a background. The experiment will study the atmospheric neutrinos as well as anti-neutrinos separately using the 1.5T strength of magnetic field. This will enable to determine the charges of µ − and µ + particles, which are produced in the charge-current interactions of ν µ andν µ inside the calorimeter [105] . The Iron Calorimeter (ICAL) will have Resistive Plate Chambers [106] as the main detector elements and provide the timing and position information of the particle generated by interaction of atmospheric neutrinos of cross-section ∼ 10 −38 cm 2 with the iron plates. The reaction involved in the process is
The aims [107] of ICAL include determination of ν-mass hierarchy and deviation of θ 23 from the maximal value and its correct octant. The experiment will also explore the CP violation in the leptonic sector.
Deep Underground Neutrino Experiment (DUNE)
The DUNE experiment [9, 108] is a long baseline neutrino oscillation experiment that consists of a horn-produced proton beams of 60-120 GeV, a beam power of ∼1.2MW from 1. precision measurements of the parameters that govern the neutrino oscillation ν µ → ν e andν µ →ν e , therby-
• contributing to the CP violating phase. δ CP = 0, π will correspond to the discovery of CPV in the leptonic sector. Further, presence of matter-antimatter asymmetry can be explained.
• determining the neutrino mass hierarchy (whether normal or inverted? ) by confirming the sign of ∆m 2. search for proton decay, providing a path to Grand Unified Theory (GUT).
3. detection and measurement of the ν e -flux from a core-collapse supernova within our galaxy, if any occurs during the operation of the DUNE project.
SuperNEMO
SuperNEMO [109] is the successor to the NEMO-3 experiment and the detector replaces the NEMO-3 in the Modane Underground Laboratory(LSM). It develops the strategy proven Type
Tracking Calorimeter by the NEMO-3 experiment of a tracker, calorimeter and seven double-beta decaying isotopes. NEMO-3 produced the best measurements of 2νββ for all the 7 isotopes but failed to observe 0νββ events in any of them. SuperNEMO will employ 100kg of 82 Se isotopes to probe 0νββ which is a direct indication of leptogenesis. the experiment also has a unique capability to search for alternative 0νββ decay mechanisms e.g. right-handed currents and Majoron emission. The increase in the source mass and stringent background requirements fulfillment gives SuperNEMO a sensitiveness of two orders better than that of NEMO-3 [62] . The SuperNEMO detector will consist of 20 modules, each one using 5-10 kg of 82 Se in a 4 × 3.7m 2 foil sheet. A magnetized tracker volume will occupy the space on both sides of the foil. The tracker will be made of 113 rows of 9 tracker cells per side. A calorimeter will surround the tracker, formed of 520 scintillator blocks coupled to 8 Hamamatsu PMTs [110] . The aim of the calorimeter is to measure the energy and time of the β-decay electrons and other background particles. The tracker will discriminate among electrons, positrons, gamma and alphas and also measure event kinematics. The reactions involved in the ββ decay process of the source are- [112] . In the global fit 1, there is no significant variations in the solar neutrino oscillation parameters(See Fig. 9 ).
Global Fit 1 includes the recent atmospheric data from ANTARES and IceCube DeepCore, the long-baseline data from T2K, MINOS and NoνA, and the reactor experiments data include from Daya Bay, Chooz and RENO; mostly dominated by Daya Bay(See Fig.  10 ) when compared to the global result [111] . However, none of the paper includes the updated results of atmospheric data from IceCube [79] and NOνA as announced in the January 2018 JETP talk "Latest Oscillation Results from NOvA" by A. Radovic.
The "well-measured" four oscillation parameters are ∆m 2 21 , |∆m 2 3n |, θ 12 and θ 13 , those are measured to an appreciated accuracy upto a few % level; θ 13 is measured to 6% level, the θ 23 is affected by an octant ambiguity and measured less accurately at the level of 9.6%. The remaining unknowns are the sign of ∆m 2 3n and the CP violating phase δ. The values of the above parameters guide us to the Mass Hierarchy problem and also set the lower bounds for the absolute neutrino masses. However, the upper bounds can be set only by non-oscillation experiments (e.g. SBL). Long base-line neutrino oscillation data play an important role in determining the mass ordering and CP violating phase δ. The current global sensitivity to the CP phase value is dominated by the T2K experiment(See fig. 11 ), rejecting the δ = π 2 after combining with the other experiments. The results will be more prominent with the operation of DUNE and LBNO which will study matter effects through earth more precisely. For NH, δ = π 2 is disfavoured at 2.7σ and even stronger for IH at 3.7σ w.r.t. the global minimum in the IO and 4σ w.r.t. the absolute minimum in the NO. It is observed that the current preferred value is δ ∼ 3π 2 for both NO & IO [111] . The long-baseline data alone indicates non-maximal mixing for θ 23 (< 45 o , in the first atmospheric octant). After combining with the reactor data, slight deviation of θ 23 to the second octant is favoured plane for the allowed regions of 90 and 99% C.L. [111] in case of IH(See Fig. 12 and 13) . The new results from IceCube and NOνA may affect the global analysis considerably. The global 3ν oscillation analyses prefer for NO to ∼ 2σ sensitivity supported by atmospheric data (excluding IceCube DeepCore and ANTARES data), accelarator data and constraints from reactor data.
B. LIMITS ON ABSOLUTE NEUTRINO MASSES
The absolute neutrino masses is still unknown within the statndard three-neutrino framework. We shall discuss the implications of the oscillation results [112] on the three observables sensitive to the absolute mass scale: (i) the effective ν e mass m β probed by beta decay; (ii) the sum of ν masses Σ in cosmology, and (iii) the effective neutrino mass m ββ in neutrinoless double beta decay (0νββ), if neutrinos are Majorana fermions. The lower bounds on the absolute neutrino mass can be set by considering the oscillation data of the Global Fit 2 [112] , assuming the lightest m i to be zero. Hence, from equation 2
FIG. 11. ∆χ
2 observation as a function of δCP from T2K and the global fit [111] . The upper (lower) ones correspond to the normal (inverted) mass hierarchy. 
whereas the upper bounds can be set by non-oscillaion neutrino experiments like NEMO [58] , SuperNEMO [110] , KATRIN [113] , KamLAND-Zen [114] and other ββ and 0νββ-decay experiments. The three observables can be expressed [112, 115] as follows: a.
The observable effective electron neutrino mass m β from β spectrum is the square root of the combination of the squared mass states with their respective ν e admixture, given by 
V. SUMMARY
We described the different oscillation experiments from past, present to future and mentioned the importance of upgrading one to the another, for instance K2K to T2K, then to T2HK; MINOS to NOνA, Daya Bay to JUNO, NEMO to SuperNEMO and as such. The next decades will be focussed on solving the Mass Hierarchy problem and the CP violation phase. The updated θ 23 results from IceCube and NOνA shows a near-maximal value and its results from the other laboratories will affect significantly. The recent development in the non-zero value of θ 13 angle upto a precision of ∼6% level, dominated by Daya Bay, will be improved by the JUNO data upto the level of ∼ 1% in the near future. The collaboration of T2K and NOνA for joint analysis of netrino oscillation data by 2021 will give an upperhand picture in the determination of Dirac CP violating phase of the active three-neutrino framework and the mass hierarchy of the three neutrino weak flavour states.
